Specifically radiolabeled [14C-lignin] 
degraded anaerobically faster than the lignin component of the hardwood lignocellulose; after 276 days, 3 .7% of the synthetic lignin was degraded to gaseous end products. Contrary to previous reports, these results demonstrate that lignin and lignified plant tissues are biodegradable in the absence of oxygen. Although lignocelluloses are recalcitrant to anaerobic biodegradation, rates of degradation measured in aquatic sediments are significant and have important implications for the biospheric cycling of carbon from these abundant biopolymers.
Lignocellulosic detritus derived from vascular plants is a quantitatively significant source of particulate organic matter in wetland ecosystems such as marshes and swamps (3, 17, 23) . Generally, between 50 and 80% of aquatic plant biomass is lignocellulose in which the lignin-to-polysaccharide ratios vary between 1:2 and 1:7 (17, 18, 22) . Higher plant primary production in wetland ecosystems is among the highest known for natural environments. In Georgia salt marshes, for instance, total annual aboveground and belowground production has been estimated to be 2,300 to 2,800 g of C per m2 (25) . Sediments in these organically rich environments are usually waterlogged and anoxic within a centimeter or less of the sediment-water interface. Therefore, much of the organic detritus produced in the aerobic water column is probably degraded by anaerobic microorganisms in the sediments. In addition to the large quantities of organic detritus that settle onto the sediments from the water column, more organic material is produced in situ in the anoxic zone of the sediments as belowground plant parts such as roots and rhizomes. Belowground production by wetland plants such as Spartina alterniflora and Juncus roemerianus equals aboveground production and frequently is considered greater (19, 25) .
In light of the high percentage of lignocellulosic detritus that is produced in or sinks into highly reducing, anoxic through such detritus-based ecosystems is complete without consideration of rates and efficiencies of microbial transformations of lignocellulose under anaerobic conditions. However, it has been difficult to study these rates because no methods existed which were sufficiently sensitive and selective to individually track the biodegradation of the lignin or polysaccharide components of natural lignocelluloses (7, 8) .
The recent introduction of radioisotopic methods has greatly increased the accuracy and sensitivity of lignin and lignocellulose biodegradation assays. Several types of natural and synthetic (dehydrogenation polymerizates [DHPs]) 14C-labeled lignin and lignocellulose preparations have been used, and the advantages and limitations of each have been reviewed (7) . Investigators using these radiolabeled preparations in studies of the aerobic biodegradation of lignin and lignocellulose have made much progress in determining rates of degradation, the environmental factors affecting degradation, and the microorganisms involved (7, 17, 21 (17, 22) .
Specifically radiolabeled lignocellulose from the sedge C. walteriana, a common macrophyte in the Okefenokee Swamp, was degraded relatively rapidly in the highly acidic, anaerobic peat (Fig. 2) . Radiolabeled methane and carbon dioxide were recovered in the ratio 2.3:1, respectively, from Specifically radiolabeled lignocelluloses from the red mangrove, R. mangle, were very resistant to anaerobic biodegradation (Fig. 3) were not assayed for 14CH4 production. Based on a composition of 66% polysaccharide and 34% lignin (unpublished data), a total of 3.6% of the lignocellulose from mangrove leaves was recovered as carbon dioxide. Based on a composition of 80% polysaccharide and 20% lignin (unpublished data), a total of 3.6% of the lignocellulose from mangrove wood was recovered as carbon dioxide.
The anaerobic biodegradation of radiolabeled synthetic lignin (DHPs) in salt-marsh and Okefenokee Swamp sediments is presented in Fig. 4 Aerobic biodegradation of the polysaccharide component of lignocellulose is generally faster than that of the lignin component and appears to be tightly coupled with lignin biodegradation (1, 7, 17, 21, 22) . Similarly, under anaerobic conditions the polysaccharide components of lignocelluloses were more biodegradable than the lignin components. The ratio of lignin to polysaccharide degraded from each lignocellulose was similar under aerobic and anaerobic conditions, suggesting a tight coupling between the anaerobic degradation of the lignin and polysaccharide components of However, the rate of anaerobic biodegradation of C. walteriana lignocellulose in Okefenokee Swamp peat was comparable to anaerobic degradation of S. alterniflora and J. roemerianus lignocelluloses in salt-marsh sediments. Thus, the accumulation of plant material as peat in the Okefenokee Swamp is probably the result of a combination of factors including not only the relatively slower degradation rates compared with those of the salt marsh, but also the hydrological conditions, namely the extremely low rates of water movement and the lack of tidal flushing.
